In this model, the gravity term in the Lagrangean comes from spontaneous symmetry breaking of an additional scalar quadruplet field Υ. The resulting gravitational field is approximate to one of the models of coframe gravity with parameters ρ 1 + 4ρ 2 = 0, ρ 3 = 0. This article includes an exact solution of coframe gravity with model parameters ρ 1 = 0, ρ 2 any, ρ 3 = 0, which is Newtonian at infinity. An iteration process is given to construct a solution for a given matter-radiation stress-energy tensor.
Introduction
In this model, I use spontaneous symmetry breaking to add a gravity term to the Lagrangean. The resulting gravitational field is approximate to one of the models of coframe gravity with parameters ρ 1 + 4ρ 2 = 0, ρ 3 = 0.
The layout of the article is as follows: In section 2, I explain the notation I use. In section 3, I introduce the field which has a spontaneously broken symmetry. In section 4, I calculate the stress energy tensor of another field φ to show that the sign of the stress-energy tensor is correct. In section 5, I calculate the gravity term added to the Lagrangean by spontaneous symmetry breaking. In section 6, an exact solution which is static and has spherical symmetry is calculated. In section 7, the field equation is linearized. 
Latin indices are Minkowskian and Greek indices are spacetime indices. Latin indices are raised or lowered using the Minkowski metric:
The coframe θ can be expressed using the coordinate 1-forms,
and the metric is,
(10) is 10 equations for 16 components, so for a given metric, θ has 6 degrees of freedom.
In differential geometry style [1] , vectors are represented as derivatives, so v a Ψ is an equivalent notation to dΨ(v a ).
In this article, the Hodge dual is defined as, * θ i 0 ∧ . . . ∧ θ i k−1 = 1 (n − k)! ǫ i 0 ..i k−1 j 0 ..j n−k−1 θ j 0 ∧ . . . ∧ θ j n−k−1
This means that, * 1 = θ 0 ∧ θ 1 ∧ θ 2 ∧ θ 3 (12) * * 1 = * θ 0 ∧ θ 1 ∧ θ 2 ∧ θ 3 (13) = * η 00 η 11 η 22 η 33 θ 0 ∧ θ 1 ∧ θ 2 ∧ θ 3 (14) = − * (θ 0 ∧ θ 1 ∧ θ 2 ∧ θ 3 ) (15) = −1 (16) 3 The Υ field
In addition to the Dirac field Ψ and the Glashow-Weinberg-Salam electroweak field φ, I add an additional field Υ (Greek letter Upsilon). Υ is a scalar complex quadruplet field. SL(2, C) is a double cover of the group of Lorentz transformations SO(3, 1). Under a local SL(2, C) gauge transform, the Dirac field Ψ and the field Υ transform as,
with c a constant. k ab can take different values at different events in spacetime.
The Lagrangean is,
where D is the gauge-covariant exterior derivative:
The constants c 1 and c 2 are used for spontaneous symmetry breaking. The Lagrangean can be written as,
where K are the kinetic terms (terms containing a derivative) and V are the potential terms (terms without a derivative). If Υ is of the form,
with ξ representing two complex scalars, then the potential is,
The derivative of this potential is,
Solving V ′ = 0:
This value of |ξ| is a minimum of the potential V . It is the vacuum expectation value of Υ, noted Υ 0 . To calculate the field equation from this Lagrangean, I proceed in the usual manner, setting up a region of spacetime and a small variation of the field δΥ which vanishes on the region boundary. The variation of the Lagrangean is,
The first term is of the form,
So the second term is the Hermitean conjugate of the first term:
The variation of the Lagrangean becomes,
For the second and third terms,
So the second term of (34) is the Hermitean conjugate of the first:
I have,
So the variation of the Lagrangean is,
Substituting this into the variation of the Lagrangean:
The variation of the Lagrangean has to vanish up to a 4-divergence for any small variation of the field δΥ † , so the field equation is,
If the metric is Minkowskian and the coframe are the coordinate differentials, then, * D * DΥ = * d * dΥ
To show that the minus sign is correct, I assume that Υ depends only on time. Then,
And the field equation is, Υ + 2c 
It is a minimum of the potential. If the metric is Minkowskian and the coframe are the coordinate differentials and Υ is of the form,
with u(t) representing two complex scalars, then the kinetic term of the Lagrangean is,
Using that Υ is an eigenvector of γ 0 with eigenvalue i,
The cost to the kinetic term of the Lagrangean of random big changes with respect to time of the wave function is positive, therefore the system shall gravitate toward a minimum of the potential V .
4 The stress-energy tensor I shall not calculate the stress-energy tensor of the Υ field in this article. Instead, I shall calculate the stress-energy tensor of a scalar complex doublet field φ with spontaneous symmetry breaking. This is to show that the stressenergy tensor has the correct sign. The Lagrangean of φ is,
The variation of the first term of the Lagrangean is,
The variation of the second part is,
The variation of the third part is,
The variation of the Lagrangean can be expressed as,
with T the stress-energy tensor. The latter can also be expressed as,
So T is,
A gravity term
In this theory, the gravity term comes from spontaneous symmetry breaking of the Υ field. The vacuum expectation of Υ is,
where ξ represents two complex components. The gravity term comes from evaluating the Lagrangean at the vacuum expectation value of Υ:
The last term is a contribution to the cosmological constant from spontaneous symmetry breaking. I shall neglect it for now because the situation is similar for all theories with spontaneous symmetry breaking. The first term on the right of (100) is,
For the term:
The addition to the Lagrangean from spontaneous symmetry breaking is,
The term,
is equal to,
The term, dθ a ∧ * dθ a (131)
So the addition to the Lagrangean from spontaneous symmetry breaking is,
The coframe gravity Lagrangean is,
with,
This model is approximately a coframe gravity model with
2 |ξ| 2 , ρ 3 = 0, except that it is not exactly a coframe gravity model because there is an extra field Υ.
To find the field equation for gravity in this model, I proceed in the usual manner, with a small variation of the fields δθ which vanishes on the region boundary. The variation of the Lagrangean is,
If A and B are 2-forms, then
The variation of the Lagrangean is of the form,
however, A ∧ * δA = δA ∧ * A (147) so the variation of the Lagrangean has the form,
Substituting this, the variation of the Lagrangean becomes,
For the second part of the Lagrangean, the variation is,
If η is any p-form, then, * v a η = (−1)
with being the inner product between a vector and a p-form. If
so,
Substituting, I get,
For the third part of the Lagrangean, the variation is,
Substituting this, the variation of the third part of the Lagrangean becomes,
The variation of the Lagrangean can be written as,
The reason for writing the stress-energy tensor with a plus sign is because if a field has spontaneous symmetry breaking, the only way to satisfy both these requirements:
• The Lagrangean can be written as L = (K − V ) * 1 • The energy of particles is positive.
is to write the stress-energy tensor with a plus sign. The symbols are,
So the coframe gravity approximation field equation is,
6 An exact solution
The field equation is,
I shall look for a diagonal solution. If the coframe is diagonal, then,
If ρ 3 = 0, then the field equation becomes,
Using,
the field equation becomes,
I shall do some calculations to bring this into a form with which it is easy to calculate with. The field equation is, 
In the following calculation, I shall ignore non-linear terms. Taking ρ 3 = 0, the linearized field equation becomes, 
